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(54) CREEPING DISCHARGE ELECTRODE, GAS TREATMENT APPARATUS USING THE SAME 
AND GAS TREATMENT METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a creeping 
discharge electrode enhancing the contact efficiency of 
plasma with gas and excellent in gas treatment 
efficiency, a gas treatment apparatus using the same 
and a gas treatment method. 
SOLUTION: The creeping discharge electrode is 
equipped with an earth electrode 1 1, an insulator 12 and 
surface electrodes 13 and 13 and has a large number of 
through-holes 14, etc., formed thereto in parallel to each 
other in the direction vertical to the surfaces of the 
surface electrodes 13. The gas treatment apparatus has 
an electrode assembly 20 wherein the through-holes 14 
of the creeping discharge electrode 1 0a and the 
through-holes 14 of the creeping discharge electrode 
10b are arranged at different positions. In the electrode 
assembly 20, the longitudinal direction of the through- 
holes 14 is inclined so as to form an angle of 0° -60° 
with respect to the advance direction of the gas to be 
treated. In the gas treatment method, non-equilibrium 
plasma is generated on the surfaces of the creeping discharge electrodes 10a, 10b and 10c and 
in the through-holes 14 and the gas to be treated is allowed to flow along the surfaces of the 
creeping discharge electrodes 10a, 10b and 10c and through the through-holes 14 to be reacted 
with the non-equilibrium plasma. 
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CLAIMS 



[CiaimCs)] 

[Claim 1]An earth electrode. 

An insulator which surrounds this earth electrode. 

A surface electrode of a couple countered and laminated so that this insulator might 
be pinched. 

It is the creeping discharge electrode provided with the above, and two or more 
breakthroughs are formed in this creeping discharge electrode. 

[Claim 2]A gas processing device, wherein the creeping discharge electrode according 
to claim 1 is provided with an electrode assembly arranged by two or more parallel at 
a longitudinal direction of said breakthrough. 

[Claim 3]The gas processing device according to claim 2, wherein a breakthrough of a 
creeping discharge electrode of 1 and a breakthrough of a creeping discharge 
electrode of 2 are arranged at a different position in arbitrary continuous creeping 
discharge electrodes of two rows which constitute said electrode assembly. 
[Claim 4]The gas processing device according to claim 2 or 3, wherein a longitudinal 
direction of said breakthrough made a direction of movement and an angle of 0 degree 
- 60 degrees of gas which are processed with this electrode assembly and leans in 
said electrode assembly. 

[Claim 5] It is a gas treatment method using the gas processing device according to 
any one of claims 2 to 4, A gas treatment method generating nonequilibrium plasma in 
the surface of a surface electrode of said creeping discharge electrode, and a 
breakthrough, passing processed gas along inside of the surface of said surface 
electrode, and said breakthrough, making this processed gas react to nonequilibrium 
plasma, and processing. 

[Claim 6] A gas treatment method making processed gas which passed a breakthrough 
of a creeping discharge electrode of 1 collide with the surface of a surface electrode 
of a creeping discharge electrode of 2 in the gas treatment method according to claim 
5. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention]This invention relates to the gas processing device and gas 
treatment method using the creeping discharge electrode and this which can perform 
gassing by nonequilibrium plasma efficiently. 
[0002] 

[Description of the Prior Artjln the exhaust gas discharged from the incinerator of 
domestic wastes or industrial waste, various hazardous chemical substances, such as 
NOx, SOx, and dioxin, are contained. In order to reduce environmental protection and 
the adverse effect to a human body, after processing and detoxicating the gas 
containing such a hazardous chemical substance, it must discharge into the 
atmosphere. Therefore, various gas treatment methods are proposed. Especially, the 
method of using discharge is examined as disposal methods, such as exhaust gas and 
harmful gas, in recent years. There are various advantages of being able to miniaturize 
[ this method does not need post-processing accompanying gassing by the ability to 
miniaturize ] a processing unit. 

[0003]As a method of using discharge, the method of using thermal plasma, and the 
method of using nonequilibrium plasma (low-temperature plasma) are mentioned. In 
the method of using nonequilibrium plasma especially, only electronic energy (electron 
temperature) is high and the energy (ionic temperature and molecule temperature) of 
ion and a molecule is low. Therefore, in the method of using nonequilibrium plasma. 
Although the temperature of the gas processed itself is ordinary temperature, since 
electron temperature is high, Installation of the device which can apply to the material 
and the conditions of not being suitable for an elevated temperature, and also 
generates nonequilibrium plasma is easy, in thermal plasma, a radical with difficult 
generation is generated and there is an advantage of being able to trigger a unique 
chemical reaction. 

[0004]As discharge which generates such nonequilibrium plasma, corona discharge, 
silent discharge, partial discharge (PAKKUDO bed type), surface creepage, pulse 
streamer discharge (high voltage pulse power is needed), etc. are mentioned. Also in 
these, silent discharge, surface creepage, etc. are mainly used for generating of the 
nonequilibrium plasma under atmospheric pressure. In particular, many surface 
creepage is used from the height etc. of the flexibility of the shape of the creeping 
discharge electrode used here. 

[0005] Drawing 5 i s an outline lineblock diagram showing the conventional creeping 
discharge electrode. The outside of this creeping discharge electrode is an electrode 
of pipe shape. 
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Outline composition is carried out from the earth electrode 1, the dielectric 2 which is 
surrounding the earth electrode 1, and the surface electrode 3 provided near the 
surface of the dielectric 2. 

The earth electrode 1 and the surface electrode 3 are connected to the power supply 
5 via the lead 4. In this creeping discharge electrode, from the power supply 5, if the 
seal of approval of the voltage is carried out to the earth electrode 1 and the surface 
electrode 3, as shown in drawing 6 , nonequilibrium plasma will occur on the surface of 
the surface electrode 3, and the plasma layer 6 will be formed in it. 
[0006]Nonequilibrium plasma as an electrode to generate to JP,2001-38138,A. It is 
connected to the honeycomb structured body of the electric insulation which formed 
mutually two or more breakthroughs which pass gas in parallel, the electrode which 
generates discharge plasma, and this electrode, and the substance processing unit 
provided with the power supply which impresses the electric field which makes this 
electrode generate discharge plasma is proposed. In this substance processing unit, 
there are a breakthrough, a thing by which the electrode is arranged in parallel, and a 
thing by which the breakthrough and the electrode are arranged vertically. As for the 
electrode, the thing of tubed, plateHike, and the shape of a wire is used. 
[0007] 

[Problem(s) to be Solved by the Invention]By the way, in the conventional creeping 
discharge electrode shown in drawing 5 and drawing 6, the plasma layer 6 is formed in 
a film very much on the surface of the surface electrode 3. Therefore, as shown in 
drawing 6 , in the gas processing device of the structure where gas flows along the 
surface of the surface electrode 3. It was interrupted by the layer of the gas by which 
the effect of the plasma on the surface of the surface electrode 3 is acquired, and 
there was a problem that the contacting efficiency of the gas in the position which is 
distant from the surface of the surface electrode 3, and the plasma near the surface 
of the surface electrode 3 was bad. Therefore, it was dramatically difficult to raise the 
processing efficiency of gas. In order that a breakthrough and an electrode might 
separate too much, since it was difficult to get, the gas which flows through a 
breakthrough had the processing efficiency of gas low although gas flowed through the 
breakthrough and it was processed in the substance processing unit given in 
JP,2001-38138,A in the effect of plasma. 

[0008]This invention was made in view of said situation, improves the contacting 
efficiency of plasma and gas, and makes it a technical problem to provide the gas 
processing device using the creeping discharge electrode and this which are excellent 
in gassing efficiency, and a gas treatment method. 
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[0009] 

[Means for Solving the Problem]Said technical problem is the creeping discharge 
electrode provided with a surface electrode of a couple countered and laminated, as 
an earth electrode, an insulator which surrounds this earth electrode- and this 
insulator are pinched, and it can be solved to this creeping discharge electrode with a 
creeping discharge electrode in which two or more breakthroughs are formed. The 
above-mentioned creeping discharge electrode can solve said technical problem with 
a gas processing device provided with an electrode assembly arranged by two or more 
parallel at a longitudinal direction of said breakthrough. In arbitrary continuous 
creeping discharge electrodes of two rows which constitute said electrode assembly, 
it is preferred that a breakthrough of a creeping discharge electrode of 1 and a 
breakthrough of a creeping discharge electrode of 2 are arranged at a different 
position. In said electrode assembly, it is preferred that a longitudinal direction of said 
breakthrough made a direction of movement and an angle of 0 degree - 60 degrees of 
gas which are processed with this electrode assembly, and leans. Said technical 
problem is the gas treatment method which used the above-mentioned gas 
processing device, Nonequilibrium plasma is generated in the surface of a surface 
electrode of said creeping discharge electrode, and a breakthrough, processed gas is 
passed along inside of the surface of said surface electrode, and said breakthrough, 
and it can solve with a gas treatment method which makes this processed gas react to 
nonequilibrium plasma, and processes it. In the above-mentioned gas treatment 
method, it is preferred to make processed gas which passed a breakthrough of a 
creeping discharge electrode of 1 collide with the surface of a surface electrode of a 
creeping discharge electrode of 2. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. Drawing 1 
is an outline lineblock diagram showing an example of the creeping discharge electrode 
of this invention, drawing 1 (a) is a top view and drawing 1 (b) is a front view. Drawing 
2Js an outline sectional view in which showing an example of the creeping discharge 
electrode of this invention, and showing the state where it cut by C-C of drawing 1 . 
The creeping discharge electrode 10 of this example is a plate electrode of 
rectangular shape, and an outside The earth electrode 11, Outline composition is 
carried out from the surface electrodes 13 and 13 of the couple countered and 
laminated so that the insulator 12 which surrounds the earth electrode 11, and the 
insulator 12 may be pinched, and two or more breakthroughs 14 and 14 and — are 
perpendicularly formed in parallel mutually to the surface of the surface electrode 13. 
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In particular the outside and size of a creeping discharge electrode of this invention 
are not limited, and are suitably determined if needed from a flow, the rate of flow, etc. 
of the gas processed using this creeping discharge electrode. There is no necessity 
that the breakthrough formed in the creeping discharge electrode of this invention is 
perpendicularly formed in parallel mutually to the surface of a surface electrode as 
mentioned above, and it may lean to the perpendicular direction of the surface of a 
surface electrode. 

[001 1]An outside is a plate electrode of rectangular shape, the section of the insulator 
12 is mostly arranged in parallel with the surface electrodes 13 and 13 in the center, 
and the thickness of the earth electrode 1 1 is about 0.05-1 mm. The earth electrode 
1 1 is formed by copper, stainless steel, tungsten, silver, X titanium, etc. An outside is 
a plate of rectangular shape and the thickness of the insulator 12 is about 1-5 mm. 
The insulator 12 is formed with alumina, glass, barium titan ate, titanium oxide, etc, 
[001 2] An outside is a plate electrode of rectangular shape, the surface electrodes 13 
and 13 are stuck to both sides of the surface of the insulator 12 so that it may 
become parallel to the earth electrode 1 1 , and the thickness is about 0,05-1 mm. The 
surface electrode 13 is formed by copper, stainless steel, tungsten, silver, titanium, 
etc. As shown in drawing 1 , the surface electrode 1 3 has the network structure and 
the meshes of a net 15 and 15, the position and the breakthroughs 14 and 14 of — , 
and its position with — - correspond. That is, the periphery of the breakthroughs 14 and 
14 and the opening of — is surrounded by the meshes of a net 15 and 15 and — 7 
without covering the breakthroughs 1 4 and 14 and the opening of — with the surface 
electrode 13. The size of the meshes of a net of this network structure is suitably 
determined according to the breakthroughs 14 and 14 and the size (opening diameter) 
of — 

[001 3] Although it is not two or more breakthroughs 14 and 14 and a thing of — which 
is limited especially as for shape, since there are few differences of the contacting 
efficiency of the plasma in the position in the breakthrough 14 and gas, a round shape 
is preferred. As for two or more breakthroughs 14 and 14 and the opening diameter of 
— , about 0.5-5 mm is preferred. A number in particular is not limited and the 
breakthroughs 14 and 14 and — should just be uniformly formed in the whole creeping 
discharge electrode 10 for two or more breakthroughs 14 and 14 and — . Although the 
breakthroughs 14 and 14 and the state where — had been arranged in line were shown 
in drawing 1 and drawing 2 , in the creeping discharge electrode of this invention, it is 
not limited to this and the breakthroughs 14 and 14 and — should just be uniformly 
formed in the whole creeping discharge electrode 10. 
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[001 4]In order to use the creeping discharge electrode 10 of this example, as shown in 
drawing 3 , the earth electrode 1 1 and the surface electrodes 13 and 13 are connected 
to the power supply 1 7 via the lead 1 6. And from the power supply 1 7, if voltage is 
impressed to the earth electrode 11 and the surface electrodes 13 and 13, 
nonequilibrium plasma will occur. In the creeping discharge electrode of this invention, 
nonequilibrium plasma can be generated in a balance within the surface of the surface 
electrodes 13 and 13, and the breakthrough 14 at the longitudinal direction of the 
breakthrough 14. That is, in the creeping discharge electrode of this invention, since 
nonequilibrium plasma can be generated in the direction of a three dimension of a 
creeping discharge electrode, the area which nonequilibrium plasma generates 
becomes large. It generates almost uniformly in the diameter direction of the 
breakthrough 14, and the nonequilibrium plasma generated in the breakthrough 14 is 
generated almost uniformly along with the longitudinal direction of the breakthrough 
1 4. Therefore, if gas (it is hereafter described as "processed gas".), such as exhaust 
gas and harmful gas, is processed using the creeping discharge electrode of this 
invention, processed gas, Since nonequilibrium plasma can be contacted not only the 
surface of a creeping discharge electrode but within a breakthrough, the touch area of 
processed gas and nonequilibrium plasma increases, and contacting efficiency 
improves as a result, Therefore, the reaction of the high energy electron and radical 
which are generated in nonequilibrium plasma, and hazardous chemical substances, 
such as NOx and SOx which are contained in processed gas, and dioxin, is performed 
very efficiently, and a hazardous chemical substance can be disassembled efficiently. 
[001 5] Drawing 4 is an outline sectional view which illustrates some gas processing 
devices of this invention. The electrode assembly 20 in which two or more creeping 
discharge electrodes 10a, 10b, and 10c were arranged in parallel with the longitudinal 
direction of the breakthrough 14 as for the gas processing device of this invention, It 
is connected to the creeping discharge electrodes 10a, 10b, and 10c, and outline 
composition is carried out from the power supply of graphic display abbreviation which 
impresses the surface electrodes 13 and 13 and the electric field of — which 
generates nonequilibrium plasma in the surface and the breakthroughs 14 and 14, and 
— to the creeping discharge electrodes 10a, 10b, and 10c. 

[001 6] Hereafter, the gas treatment method of this invention is also explained, 
explaining the composition of the gas processing device of this invention. The 
electrode assembly 20 is installed in the exhaust pipe way 21 established in the 
incinerator of domestic wastes or industrial waste etc., and is used. The number in 
particular of the creeping discharge electrodes which constitute the electrode 
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assembly 20 is not limited, and is suitably determined from a flow, the rate of flow, etc. 
of processed gas if needed. Since the contacting efficiency of processed gas and 
nonequilibrium plasma improves, it is preferred to increase the number of creeping 
discharge electrodes to shorten the case where there is much quantity of processed 
gas, and processing time, so that the number of creeping discharge electrodes 
increases. By making the electrode assembly 20 into the structure which arranged 
two or more creeping discharge electrodes 10a, 10b, and 10c in parallel, The 
hazardous chemical substance in the processed gas which was not decomposed with 
the creeping discharge electrode of the preceding paragraph is decomposed by the 
latter creeping discharge electrode, and a hazardous chemical substance is no longer 
eventually contained in the exhaust gas discharged in the atmosphere. The creeping 
discharge electrodes 10a, 10b, and 10c which constitute the electrode assembly 20 
are arranged mostly at equal intervals, and, as for the interval D of the creeping 
discharge electrode 10a shown in drawing 4 (a), and the creeping discharge electrode 
1 0b, about 5-20 mm is preferred. If the interval D is this within the limits, it flows along 
the surface of the latter creeping discharge electrode 10b, and the processed gas 
which passed the breakthrough 14 of the creeping discharge electrode 10a of the 
preceding paragraph will come to pass smoothly the breakthrough 14 of the creeping 
discharge electrode 10b continuously. 

[001 7]It is preferred the breakthroughs 14 and 14 of the creeping discharge electrode 
10a which constitutes the electrode assembly 20 from a gas processing device of this 
example, — , that the breakthroughs 14 and 14 of the creeping discharge electrode 
10b and — are arranged at a different position. Being arranged at a position different 
here has referred to the breakthroughs 14 and 14 of the creeping discharge electrode 
1 0a, and the state of — where the breakthroughs 1 4 and 14 of the creeping discharge 
electrode 10b and — do not exist ahead, but these breakthroughs 14 and 14 and — 
set a fixed interval, and it does not stand in a row continuously. Thus, in the electrode 
assembly 20 with the gas processing device of this invention, If arranged at the 
position in which the breakthroughs 14 and 14 of the creeping discharge electrode 10b 
and — differ from the breakthroughs 14 and 14 of the creeping discharge electrode 
10a, and — , The breakthroughs 14 and 14 of the creeping discharge electrode 10a and 
the processed gas which passed — collide with the surface of the creeping discharge 
electrode 10b, and destroys the boundary layer of the surface of the creeping 
discharge electrode 10b. The contacting efficiency to the surface of the 
breakthroughs 14 and 14 of the creeping discharge electrode 10a and the creeping 
discharge electrode 10b of the processed gas which passed — increases by this, and 
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gassing efficiency improves as the result. 

[0018]In [ as the gas processing device of this example shows to drawing 4 (b) ] the 
electrode assembly 20, It is preferred that the angles alpha of a longitudinal direction 
and the direction of movement of processed gas to make are 0 degree - 60 degrees of 
the breakthroughs 14 and 14 of the creeping discharge electrodes 10a, 10b, and 10c 
and — , and 30 degrees - 60 degrees are more preferred. The flow of the 
breakthroughs 14 and 14 and the processed gas of — which will pass the electrode 
assembly 20 if the angle alpha of a longitudinal direction and the direction of 
movement of processed gas to make is within the limits of the above, It becomes a 
gas stream which flows through the surface of the creeping discharge electrodes 10a, 
10b, and 10c, and a complicated turbulent flow with which the breakthroughs 14 and 
14 and the gas stream which flows through the inside of — are mixed. The efficiency 
which the breakthroughs 14 and 14 of the creeping discharge electrodes 10a, 10b, and 
10c and the processed gas which passed — contact to the surface of a latter 
creeping discharge electrode by this increases, and gassing efficiency improves as the 
result. The flow of the processed gas in which the angle alpha passes the electrode 
assembly 20 in not less than 60 degrees does not serve as a turbulent flow, and 
gassing efficiency does not improve. On the other hand, the processed gas in which 
the angle alpha passed the breakthroughs 14 and 14 of the creeping discharge 
electrode of the preceding paragraph and — in less than 30 degrees cannot flow 
through the surface of a latter creeping discharge electrode easily, and gassing 
efficiency falls in **. 

[001 9]Thus, according to the gas processing device of this invention, the contacting 
efficiency of processed gas and the nonequilibrium plasma which generated the 
surface of the creeping discharge electrode can be raised, and gassing efficiency 
improves as the result. Therefore, the reaction of the high energy electron and radical 
which are generated in nonequilibrium plasma, and hazardous chemical substances, 
such as NOx and SOx which are contained in processed gas, and dioxin, is performed 
very efficiently, and a hazardous chemical substance can be disassembled efficiently. 
[0020]Although corona discharge, silent discharge, partial discharge (PAKKUDO bed 
type), surface creepage, pulse streamer discharge (high voltage pulse power is 
needed), etc. are used in the usual gas processing device as discharge which 
generates nonequilibrium plasma, In the gas processing device of this invention, in 
order to realize structure where surface creepage is required, it is used preferably. 
[0021 ]In the gas processing device of this invention, the power supply for neon 
luminescence etc. which are usually used can be effectively used as a power supply 
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which generates discharge current. By using such a general power supply, the gas 

processing device of this invention can be manufactured cheaply. 

[0022] 

[Effect of the Invention]As explained above, according to the creeping discharge 
electrode of this invention, since nonequilibrium plasma can be generated in the 
direction of a three dimension of a creeping discharge electrode, the area which 
nonequilibrium plasma generates becomes large. Therefore, if processed gas is 
processed using the creeping discharge electrode of this invention, since 
nonequilibrium plasma can be contacted not only the surface of a creeping discharge 
electrode but within a breakthrough, the touch area of processed gas and 
nonequilibrium plasma will increase, and contacting efficiency of processed gas will 
improve as a result. According to the gas processing device of this invention, the 
contacting efficiency of processed gas and the nonequilibrium plasma which 
generated the surface of the creeping discharge electrode can be raised, and gassing 
efficiency improves as the result. Therefore, the reaction of the high energy electron 
and radical which are generated in nonequilibrium plasma, and hazardous chemical 
substances, such as NOx and SOx which are contained in processed gas, and dioxin, is 
performed very efficiently, and a hazardous chemical substance can be disassembled 
efficiently. According to the gas treatment method of this invention, the processed 
gas which passed the breakthrough of the creeping discharge electrode collides on 
the surface of a creeping discharge electrode, and destroys the boundary layer of the 
surface. The contacting efficiency to the surface of the creeping discharge electrode 
of the processed gas which passed the breakthrough of the creeping discharge 
electrode increases by this, and gassing efficiency improves as the result. It becomes 
a gas stream which flows through the surface of a creeping discharge electrode, and a 
complicated turbulent flow with which the gas stream which flows through the inside 
of a breakthrough is mixed, the contacting efficiency of processed gas and a creeping 
discharge electrode increases, and gassing efficiency of the flow of the processed gas 
which passes an electrode assembly improves as the result. 



